Important information pertaining to emergencies and responses to the emergencies is often distributed across numerous Internet sites. In the event of a disaster like an earthquake, rapid access to such information is critical. At such moments the general public usually has a hard time navigating through numerous sites to retrieve and integrate information, and this may severely affect our capability to make critical decisions in a timely manner. Common earthquake mashups often lack relevant information like locations of first responders and routing to important facilities (e.g. hospitals and fire stations) which could save important time and lives. To address the challenges, we developed an Earthquake Information Mashup prototype. This prototype demonstrates a mashup approach to providing a Web visualization of real-time earthquake monitoring and complementary information, such as traffic conditions, the location of important facilities and routing to them. It also offers users the ability to communicate local condition. Users are thus able to better integrate information from various near real-time sources, obtain better situational awareness, and make smarter informed critical decisions.
Introduction
Natural disasters like earthquakes often strike unexpectedly and leave the public incapable of dealing with the situation. Most earthquake studies [1] [2] have shown that people often panic in the direct aftermath of the event.
It is during this time that quick and informed decisions need to be made. At that time information fragments become available across multiple Internet sites [3] . For the public, coming to grips with the situation and making an effort to compose all this information are equivalent to putting together an extremely complex jigsaw puzzle with pieces scattered all over a room, and some of them even missing. Issues like format variation, differences in projections, outdated content and lack of synchronization present often insurmountable challenges for the general public.
On August 2011, an earthquake struck Northern Virginia with a magnitude of 5.8 and an epicenter five miles southwest of Mineral Springs and left its footprints all across the east coast. Given the rarity of earthquakes in the US east coast, this one generates high levels of anxiety, and the general public rushed to the Internet for information. While most were downloading information, many also contributed by posting event-related narrative to a variety of platforms. Most notable, twitter was used heavily by social media users who acted as hybrid seismographs to report the event [4] [5] . This represents an alternate type of volunteered content, also referred to as ambient geographical information (AGI) [6] , which complements and expands volunteered geographical information (VGI). This crowd-contributed content has been proven very valuable during natural disasters such as the Haitian Earthquake [7] , the Red River Floods [8] and the Santa Barbara Wild Fires [9] .
When faced with disasters like earthquakes which affect large geographical areas, real time sensors can be incorporated in a GIS environment to raise situation awareness. With the evolution of Web 2.0 there has been an increase in the number of sensors connected to the Web providing real time data that feed the Internet with vast volumes of information. Government agencies like USGS and NOAA map disasters and distribute real time wildfire and earthquake data to the general public [10] . For emergency management, GIS technologies can be used in mitigation, preparedness, response and recovery [11] .
Earthquakes occur due to the sudden release of energy in the earth's crust. They are evidence of tectonic activity and occur when tectonic stress is released by movement of rocks along a fault [12] . Observers and scientists gather information about earthquakes such as intensity levels by noting the damage and residents experiences during the earthquake. People's Web postings have also been used to assess the earthquake impact [13] . A GIS is particularly appropriate for emergency response as it communicates a better view of the event impact, and the distribution of the resources that are available to respond to the post-event conditions. It allows end-users to select data necessary to analyze, to identify spatial patterns, to solve resource allocation problems, and to make good spatial decisions [14] . For example after a 7.0 magnitude earthquake, GIS was used to answer questions like where to search for victims and where rescue teams should be assigned [15] .
In order to integrate distributed Web content we make use of WebGIS solutions that employ languages such as JavaEE (Java Enterprise Edition), Servlet, JSP technologies for developing applications, and operate on a Web server such as a Tomcat server. Data between the client and server can be exchanged using different formats, popular ones include XML (Extensible Markup Language) and JSON (JavaScript Object Notation). Web services which allow other programs to call are usually responded in XML or JSON format which allows programs to parse. Two popular Web services include SOAP and REST: 1) SOAP (Simple Object Access Protocol) uses a structured or encapsulated XML for exchanging information. It is difficult to construct and parse hence HTTP is preferred; 2) REST (Representational State Transfer) was introduced and can be implemented based on HTTP where the client sends all parameters in the request URL. Clients usually consume Web services like geo browsers such as Google Maps, Bing Maps to build customized application [16] .
With the evolution of Web 2.0 there has been an increase in the number of sensors connected to the Web providing real time data sets. WebGIS offers functionalities like visualization of large amounts of GIS data, and analysis of this is possible [17] . A WebGIS tool could be used to visualize and analyze complex variables and models such as climate data [18] [19] . Web based mapping projects such as Wikimapia and Open Street Map allow users to collect geospatial Information [20] . WebGIS also provides a platform for distributing geospatial information, Websites such as ArcGIS.com allow users to download data and use its Web services. The availability of information through WebGIS and open data format enables us to integrate multiple data sources to provide comprehensive spatial decision support information through mashups. A mashup in Web applications refers to a practical approach that brings together existing elements to create refined functionalities in a seamless interoperable fashion [21] . Just as a music DJ mixes more than one song similarly users can mix data from more than one Website [22] [23] .
Mashups can be done at either server side or browser side: [21] Server-side mashups were used in all mashups prior to 2005. They have powerful software and hardware, and involve complex server side programming. They are also labor intensive due to the time required for development and deployment. Browser-side mashups function through processing on the client computer. They use relevant Web services and technologies such as JavaScript, AJAX and XML. Some sites provide data via JavaScript, which is used by the browser side mashups. Other mapping companies provide maps and services via a JavaScript API. These APIs are easy to use and do not involve complex programming. Browsers can make use of Web services in the form of RESTful and SOAP services.
Making use of the vast amount of unstructured content on the Internet can be difficult [17] . Content sent to mashups may be of two types: with or without an API. Mashups which make use of API, REST and SOAP services are relatively simple to construct and are often created by amateurs [17] [23] . The ease with which they can be created has prompted the development of a large variety of mashups from simple mashups involving simple dynamic data to large mashups using big data. There has been a lot of interest in crisis mashups as it is often used to describe neogeographic practices [24] . During crises, timely decisions are essential. An automated visualization system can provide enhanced situational awareness to decision makers after or during a disaster and could help them make better spatial decisions [25] [26] . Visualizing this combined information from a mashup not only enables decision makers to see things they never could see before, but also helps them make quick intelligent decisions. Therefore, we investigated how a mashup could be used to integrate spatial information for earthquake emergency response.
Related Work

Rich Internet Application
Since the 1990s, Web interfaces have been developed with features such as multimedia and animation, improving user satisfaction and resulting in a user experience similar to desktop application [27] . Ajax applications make use of asynchronous communication behind the scenes to provide smooth interactions while the graphical user interfaces are being used. Browser side APIs make the Web application fast, fun and easy to use. Rich Internet Application technologies can be used to help users obtain required geospatial resources easily [28] . They allow users to choose different options, all in one page. Tasks are accomplished on demand thus eliminating the need for going through multiple steps and reloading of pages. Rich Internet technologies are also beneficial to developers as they are easy to build thus reducing developing time and costs.
Mashup
Each mashup is unique in its own way, however, most current earthquake mashups focus on communicating the location, magnitude and time of the earthquake. There are many mashups present with relevant functionalities like • The AEGIS, Advanced Emergency GIS, monitors and maps the location and status of emergencies, locates victims and emergency-response personnel, and tracks other factors that can impact emergency response [21] .
• The USGS [29] has the Earthquake Hazard Program to reduce earthquake losses in the US [30] . The USGS mashup offers viewing and monitoring of earthquakes that have occurred in the past 24 hours and are greater than 2.5 in magnitude.
• The Hungarian National Association of Radio Distress Signaling and Info communications [31] runs an Emergency and Disaster Information Service (EDIS) as an important resource for travelers to get information about hazards like forest fires, earthquakes, tropical storms, and disease outbreaks.
• IRIS Earthquake Browser [32] enables the public to find earthquakes in any region of the globe and then import this information into the GEON Integrated Data Viewer (IDV) where the hypocenters may be visualized in three dimensions.
• Rapid Earthquake View [33] allows views and monitoring of recent earthquakes and access to seismograms from seismograph stations around the world.
• The Live Earthquake Map [5] shows earthquakes in the last 24 hours. This mashup uses a Google Map geographic frame for the base map and its feed Web services are obtained from three different sources.
• ESRI has a similar Public Information Map for Earthquakes [34] which shows the earthquakes for the last 90 days, population in the affected area and a shake map.
Grid Clustering
Plotting thousands of markers on the map is computationally challenging and thus may lead to a degraded experience. Grid-based clustering [35] was used to restrict the markers rendered on the map. It worked by dividing the map into squares of a certain size and then grouping the markers into each grid square. This type of rich and engaging user experiences can not only increase the performance but can also give better user satisfaction.
Witnessing the need for integrating information for decision making after an earthquake and the maturity of relevant technologies, we propose a mashup mechanism and present a prototype to demonstrate its potential. Section 3 introduces the design architecture. Section 4 discusses the implementation. Section 5 demonstrates the system through several scenarios. Section 6 concludes and discusses future research.
System Design and Architecture
Framework
The system is designed with an architecture (Figure 1 ) includes application server, database, client, live feeds, VGI input and leveraging google maps.
• Client side: The application was developed within Web client, integrating CSS, JavaScript, and additional toolkits like Dojo for providing a better user experience. It makes use of Browser-side API such as Google Maps API which provides a geographic frame for the basemap, Google Traffic API which is used to obtain live traffic conditions, and Google Directions API which is used to provide routing to essential facilities within a twenty mile buffer. Google Maps consumes the RESTful Web services from USGS in GeoJSON Format (Figure 2) . The user can also provide input by filling out a form describing the earthquake and reporting nearby events. When the user sends a URL request to the local Tomcat server it connects to Web services, receives a response and displays HTML. The browser interprets this HTML markup and displays it in a form the client can understand. The user can also select the first responder facilities like emergency operation centers, fire stations, police stations and medical care facilities he would like to view and routing to facilities within a 20 mile buffer. He can select the option to view the live traffic conditions around him. The user can also provide VGI inputs by means of a form describing the earthquake and reporting the events around him.
• Server side: Operations such as reading or writing to a database, parsing of data or Web scrapping need to be performed on the Tomcat server. These operations are complex and done on the server side through powerful server side programming languages such as Java. The live feeds are obtained from the USGS server. • Database: Data such as the VGI input and essential facilities information (e.g. emergency operation centers, fire station, police station, and medical care facilities) are stored in a MySQL database, and can be added and retrieved as desired.
Methodologies
Thick client architecture was employed, relying on the client rather than the server to perform most of the functions. This was made possible by using the Dojo toolkit [36] which is a rich Internet application allowing asynchronous communication between the browser and the server. There is fast interaction with the user since information on the page is updated without the need to reload the whole page [37] . The Dojo toolkit supports a rich user experience. There is also less pressure on the server since there are fewer round trips to the server. However it is critical to reduce the volume of data that have to be processed on the client to reduce delays. RESTful Services are used for the Web application so that the client can send the request in the form of URL and receive the response in the form of JSON.
Model Viewer Controller (MVC) Architecture was used since it is the most currently used architecture to build Web based enterprise systems. MVC Architecture (Figure 3 ) was used to separate each module into three parts-the model, controller, and viewer for promoting the maintenance and separation of tasks to each component. It allows the division of work onto separate modules.
Marker Cluster: Many Web applications have latency problems, described commonly by end-users as "sluggishness". Various techniques (such as pyramids and hash indices, multithreading and caching) have been employed to improve the experience [38] . The Web application developed in this research project requires the display of the locations of a large number of essential facilities. Grid based clustering was used to reduce the location markers displayed on the map by iterating though the markers in the list that needs to be clustered and adding each one into the closest cluster if it is within a minimum square pixel bounds (Figure 4) . This increased the performance of the application and caused less visual overload.
Prototype Implementation
Data Types and Sources
Google Maps
Google Maps [39] was used as a geographic framework of reference because of its powerful Traffic and Directions API makes available live traffic conditions. The only restriction is that Google Maps API allows 25,000 requests per day and charges users when the request number exceeds 25,000.
Earthquake Feeds
The live earthquake feeds were obtained from USGS (United States Geological Survey). GeoJSON Format was chosen from many formats [29] as it was smaller in size and easier to parse compared to XML. USGS provides information of all earthquakes greater than 2.5 magnitudes for the past week: http://earthquake.usgs.gov/earthquakes/feed/geojsonp/2.5/week. The European Mediterranean Seismological Centre (EMSC) distributes data on earthquakes in the last 24 hours. Big earthquakes events from around the world are shown, but EMSC focuses on European countries with smaller events from across Europe, especially the Mediterranean Sea (Greece, Aegean Sea and Turkey) region. The Geo Forschungs Zentrum (GFZ) Potsdam provides data for large earthquakes in the last twenty four hours, and has global coverage.
Essential Facilities Data
Essential facilities are those that provide services to the community and should be functional after an earthquake. They include fire stations, police stations, emergency operation centers and medical care centers (which include hospitals and medical clinics).
Data for essential facilities at the national level is difficult to obtain. Local governments, such as US counties typically have a rich library of information. However, combining county level data for the entire United States is a large, complex, and difficult task. The data for the emergency operation centers, hospitals, fire stations and police stations for the entire United States can be obtained from the software HAZUS-MH [11] (Figure 5) . HAZUS-MH is a GIS based natural disaster (earthquake, hurricane and flood) modeling tool developed by Federal Emergency Management Agency (FEMA) to provide data to strengthen preparedness and response capabilities by assessing risk and forecasting losses. The essential facilities are extremely important, because after a disaster these sites provide the public with assistance and are critical in dealing with emergencies and supporting the public. The medical care facilities data within the HAZUS-MH software come from the American Hospital Association (AHA) 2000 data, the emergency response, fire stations and police stations data come from Info USA Inc. 2001 data. The HAZUS-MH software has a tool called Comprehensive Data Management System (CDMS) which allows the inbuilt inventory to be exported.
This data exported from CDMS is by state. Each state excel file contained sheets which holds the different facilities information.
Live Traffic
Live traffic conditions, and routing to facilities can be obtained from Google Traffic API Web services [40] (Figure 6) , providing a user with live traffic conditions to find the best route to his destination. The color codes indicate the speed of traffic compared to free flowing traffic conditions. The Google Traffic API is supported primarily in urban areas, and the data is not always highly accurate, from temporal and qualitative perspective, but can add useful information during a crisis. Cell phone companies are constantly monitoring location of smartphone users based on the strength of signal received at the cell towers. When smartphone users use Google Maps and enable their location option on their smartphones, they are enabling their GPS. With the triangulation method between the cell towers and the GPS the mobile phone can be tracked and traffic information can be obtained through this technique and through several other related techniques.
Routing to Essential Facilities
The routing to essential facilities was obtained using the Google Directions API Web services [41] . The Google Directions API is a service that receives direction requests and returns routing results. In the request three mandatory fields need to be sent: 1) Origin, specifies the start location from which directions need to be calculated. In the Earthquake Information Mashup tool, the user's current location is used.
2) Destination, specifies the end location to which directions need to be calculated. In the Earthquake Information Mashup tool, one of the essential facilities selected by the user will be used.
3) travelMode, this parameter specifies what mode of transportation will be used. This value can include walking, bicycling, transit and driving which is the default. In the Earthquake Information Mashup tool, driving was used. 
Volunteering Geographic Information
A capability has been provided for users sensing an earthquake to report the event. A form is provided for users to report their name, zip code, telephone, description, latitude, and longitude. Coming up with the results for the Mercalli's intensity levels in case of a severe earthquake with damage reported from survivors, reports from media and first responders. The VGI information input to the system could be used to compliment the Mercalli's intensity levels data and serve as an early first approximation to the Mercalli's scale. The geographic patterns of damage observed from the VGI system can be analyzed and could be used for planning and mitigation in the future.
Tools
The development environment was set up using the following software:
• Apache Tomcat7, an open source Web server was used to offer a simple, fast and stable performance. It is the most commonly used Web server software and can support programming in Java and a host of other programming languages.
• Eclipse IDE (www.eclipse.org) was used as the integrated development environment (IDE). Eclipse has many features for creating and testing the code. It is one of the most commonly used IDE due to its rich java development tools support and allows third party functional integration [42] .
• MySQL [43] was used because it's free and a popular choice for Web application.
System
The application was implemented using browser-side mash up architecture. Several browser-side APIs (Google API for JavaScript, Google Traffic API for JavaScript and Google Directions API for JavaScript) were used. Dojo Toolkit was used to provide a good user experience. The USGS earthquake feeds were from a RESTful Web service and were in GeoJSON Format. The HTML5 Geolocation tool was used to find the users location from the browser. The Geolocation tool is supported on all the latest browsers like Internet Explorer, Firefox, Chrome, Safari and Opera.
The facilities data was stored in the MYSQL database, from where the data were retrieved using Java was used as the server side programing language and converted into JSON. The facilities within a twenty mile buffer can be calculated by first finding the distance between the user's location and the facilities location. In this project only those facilities within a 20 mile buffer were selected.
The application was deployed on the Amazon AWS EC2 (Elastic Cloud Computing) cloud. Amazon AWS allows a one year free account to all users. A Linux Ubuntu 13.0 64 bit instance along with Tomcat 7 server and MySql database instance needs to be installed. The port settings should be configured so as to allow communication with the cloud. The project can be exported from the local machine to the cloud using FileZilla which is a free and cross platform FTP software. The EIM tool deployed using Amazon EC2 [44] , can be found at the following URL http://54.200.221.135:8080/DisasterMashup/ (as of October 5, 2014).
System Demonstration
Let us consider a scenario where a 6.3 magnitude earthquake has occurred in the Northern Virginia area, with its epicenter in Fairfax. Damage is reported in the Northern Virginia and DC area. This area has a dense urban environment that includes residents, commuters and visitors from other neighboring areas. The Northern Virginia, DC area, is also home and headquarters to many Federal and National institutions. Accordingly, numerous resources are available for natural disaster assistance, which includes top ranking local response teams, and national agencies with a vast network in place in the event of a natural disaster.
People need not look too far and can make use of the EIM tool as long as they have access to the Internet and consent to provide their location to the EIM tool. Since the EIM tool makes use of the Geolocation API in HTML5, the application asks permission from the user whether they would like to share their location details. Once the user approves to share their location, the application will be able to track their browser's location and their position will be displayed on the map with a marker showing their coordinates. By default, every time the map is loaded, the map displays the current earthquakes in the US for the past week with a magnitude higher than 2.5. The EIM tool displays properties about the earthquake such as the location of the focus of the earthquake along with other properties such as the latitude and longitude, its magnitude, and time at which it occurred.
The application also integrates live traffic conditions for the entire US. If after the Fairfax earthquake a user would like to visit loved ones, she/he could take a look at the EIM tool which provides the current traffic conditions. It would give the user an idea of which roads are currently congested where the traffic is moving very slowly, and they could avoid these roads.
The user can select the VGI option and get a feel of the current situation in Fairfax area provided other users have been reporting events using this tool. The user can also be a citizen reporter and describe the situation and damage in their area. The user of this application will have to provide their Name, Zip code, Telephone number, Description of the event and their latitude and longitude (Figure 7) . Once the user's entry is approved by the administrator, the user's entry will be displayed. To protect the identity of the user, only their location and description of event entries are displayed.
The following demonstrates the usage of the system with a few scenarios: 1) finding a hospital close by, 2) finding fire station for emergency, 3) finding police station for public safety, 4) getting help for maintenance.
Finding a Nearby Hospital for Medical Emergency
Sample challenge: There have been numerous casualties, remaining unattended in the community where the user lives and need to be transported to the nearest hospital.
Analysis: The tool can be used to find out where the medical care facilities in the area are (Figure 8) . The user can see the medical facilities within a twenty mile radius and choose any one of them. When a user clicks the information window of the medical facilities, contact information is displayed.
Solution: The user could use the telephone number to contact the medical care facility or they could drive directly to the medical care center. The application provides a routing tool to all the medical care facilities within the twenty mile buffer while giving directions and taking into consideration the live traffic conditions.
Finding a Fire Station
Sample challenge: Houses have collapsed and trees have been uprooted in the vicinity of the user. The roof of the neighboring house has collapsed. Since there is no sign of the neighbors they could be trapped in the debris.
Analysis: The user can use the tool to find local fire stations (Figure 9 ). The user could also see ones within a broader buffer zone, and choose any one of them.
Solution: On clicking the desired fire station, the user is able to obtain the address and contact information. They could call the selected fire station or they could even drive to the fire station and file a complaint. The application provides a routing tool to all the fire station facilities within a twenty mile buffer while taking into consideration live traffic conditions.
Finding Police Station for Public Safety
Sample challenge: There has also been a lot of widespread looting in the aftermath of the event. The roof of the nearby ABC supermarket has collapsed. Taking advantage of the situation, people are helping themselves to the goods. 
Analysis:
The user can use the tool to find out the police stations in the area (Figure 10 ). They could locate the ones within a twenty mile buffer and choose any one of them which they feel would be the best one.
Solution: On clicking the police station the user could obtain the address and contact information. They could either call or drive to the police station to file a complaint. The EIM tool provides a routing tool to all the police station facilities within the twenty mile buffer while taking into consideration the live traffic condition.
Getting Help for Maintenance
Sample challenge: It has been days since the earthquake occurred. There have been uprooted trees hanging dangerously close to electrical wires wires. There has been a power outage power for the past week. The local fire station has not been responding to repeated calls and there has not been help from the county services either.
Analysis: The user can use the EIM tool to find out the emergency operation centers in the area (Figure 11 ). They could also see the ones within the twenty mile buffer and choose any one of them which they feel would be the best one or the closest closest.
Solution: On clicking the information window of the emergency operation center they could obtain the address and contact information. They could either call or drive to the emergency operation center to file a complaint and obtain emergency food supplies for themselves.
Conclusions and Discussion
This paper reports a Web-based situational awareness earthquake information mashup tool. A prototype was developed to demonstrate the potential efficiency of the system to produce an automated visualization and routing tool for the general public. The system includes a Web based situation awareness GIS that could monitor and map earthquakes and location of emergency facilities, provide live traffic conditions and route path to the emergency facilities. The project shows how a variety of Web technologies and services can be integrated into a scalable visualization model to provide better situation awareness to the user.
Some individuals do not have a good spatial sense and need directions when driving or moving. Even for getting from point A to point B, we require a GPS to guide us there. Similar systems have been used in the past even to provide an accessibility tool to the blind and the visually impaired [45] . A mashup tool can offer a platform which merges data from different sources and has different characteristics. By creating a layer stack of information the tool can create a visualization platform for discerning patterns that exist in the data [46] . It provides the user better situation awareness and the user is able to understand how events around him will impact or play a role in the near future.
The EIM tool could provide buffer analysis for finding all emergency facilities within a twenty mile buffer and provide a routing tool from the user's current position to these facilities. The EIM tool demonstrated how the Google Maps API, Google Traffic API and Google Directions API for JavaScript could be leveraged through mashup. The Google Maps API for JavaScript provided programmable access to live traffic and directions to facilitate routing to emergency facilities from the users location in live traffic conditions which other map API services like Bing Maps and Open Layers is not able to provide.
During the government shutdown from October 1 st through 16 th 2013, there was no access to the live earthquake feeds from USGS. At that time other sources for the earthquake feeds were considered. However, we de-cided to continue using USGS earthquake feeds since the USGS operates more sensors and have better coverage of local areas of interest.
Data used in this application was from Governmental sources like USGS and FEMA, which provides authoritative content; data from Google which provides semi authoritative commercial content; and VGI input, which is asserted content. A quality assessment of the various data sources should be performed in the future research.
The EIM tool demonstrated how VGI can be used to report destruction and damage from a natural disaster. The time when an entry is made should be incorporated so that user can determine what information provided by the system is temporally relevant. Checking the quality of VGI input can be difficult, especially when there is a flood of VGI input messages after an earthquake, but quality assessment is important and there are many methods that can be used, as discussed by Many researchers [47] - [50] . Checking for the accuracy, error and quality of VGI input is therefore a good topic to consider for future research.
Cartographic research should be conducted to take care of overlapping markers in case of earthquakes, and best practices from other cartographic interfaces will be considered, and where appropriate, adopted.
After an earthquake, there could be a flood of users accessing the application. Future research should be undertaken so that the application is able to support a large number of users and still give good performance [51] . Scalability should be considered and techniques such as load balancing, compression, caching and indexing techniques [7] for the database could be investigated to improve the performance utilizing the latest geocomputing technologies, such as spatial cloud computing [52] .
The application could be designed for a mobile interface. The HTML5 Geolocation tool could be used to more effect by making use of the other functions which would enable the platform to behave like a GPS and return the updated position of the user as they move or point of interest input by the end user.
Natural disasters such as wildfires, tornadoes could also be incorporated to make it a disaster information mashup system. Other near real time data which also play an important role in the situation like weather and demographic information could be incorporated to show new relationships and perform various analyses like population affected.
